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The management of aortic dissection remains among the 
most challenging issues for the thoracic surgeon. Aside 
from dealing with the fear and trepidation that this 
condition instills in the average referring physician, 
aortic arch dissections are difficult problems that man- 
date expeditious diagnosis and initiation of early appro- 
priate therapy. Although descending (Type B) d’ issec- 
tions can usually be treated with aggressive medical 
(nonoperative) therapy, Type A and aortic arch dissec- 
tions usually require direct surgical intervention. This 
direct, usually emergent, surgical therapy is directed 
toward prevention of catastrophic pump failure, whether 
from tamponade into the pericardial sac, myocardial 
ischemia due to coronary ostia involvement, left ven- 
tricular overload from acute massive aortic regurgita- 
tion, or, in the case of arch dissection, neurological 
compromise resulting from occlusion of the cerebral 
vessels. 
The management of Type A dissections, limiting the 
repair to the ascending aorta and/or aortic root has 
become quite standardized and may be reviewed in any 
number of texts.’” The premise of these repairs, either 
with graft or glue, has been toward obliteration of the 
false lumen (to re-establish blood flow into the true 
lumen) and resection of any observable intimal tears. If 
aortic valve competency was regained, either by repair, 
resuspension, or replacement, and coronary artery 
integrity was assured, successful repairs with approxi- 
mately 80% survivors were obtained. In the remaining 
patients, however, neurological defects, leaks at the 
distal suture line, or persistent progressive dilation of 
the remaining native aorta suggested that additional 
leaks or tears might be present. 
Arch dissections (tears within the arch proper) were 
considered somewhat rare. Roberts and R ~ b e r t s , ~  in a 
relatively recent autopsy series, found an incidence of 
only 7% of all dissections diagnosed. As data accumu- 
lated from the use of deep hypothermic circulatory 
arrest (DHCA) to perform the distal anastomosis in an 
open” fashion, we began to see that there was, in fact, 
a much higher incidence of aortic arch involvement in 
the Type A dissections and that the previous types of 
repairs may not have addressed these situations in an 
adequate fashion. A recent compilation of our 12-year 
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experience with acute aortic dissections showed that in 
139 acute Type A dissections, 32 (23%) had an intimal 
tear in the aortic arch as well as 4% of Type B 
 dissection^,^ suggesting that arch dissection occurs with 
much greater frequency than previously thought. 
Although aortic arch involvement is present in the 
vast majority of acute dissections, arch replacement in 
its entirety is not required in all cases. The extent of 
resection should be tailored to each patient to allow 
resection of the intimal tears, attempt to obliterate the 
false lumen, and re-establish flow into the true lumen of 
the vessel. Arch repair should also be limited in its 
scope to decrease the interval of DHCA to minimize the 
neurological sequelae resulting from that technique. 
The techniques of aortic arch replacement are as 
varied as those of ascending aortic repair. Complete 
arch replacement, using DHCA and reimplantation of 
the arch vessels as a “cap” on top of a tube graft was 
described early on by Griepp et a15 and formed our 
early approach to aortic arch replacement. As experi- 
ence with arch repair and reconstruction grew, how- 
ever, partial or “hemi-arch” r ep la~emen t~?~  became the 
more common procedure, greatly reducing circulatory 
arrest time while still adhering to the repair principles 
outlined previously. The vast majority of arch recon- 
structions in our institution are now performed in this 
fashion. For those patients requiring extensive arch 
replacement, however, we have developed an alterna- 
tive approach to the “cap” reconstruction of the aortic 
arch and now employ this technique exclusively. As will 
be seen in the accompanying diagrams, this approach 
can be used from either the sternal or left thoracotomy 
approaches, making it useful for either ascending/arch 
or archldescending repairs. 
As surgical techniques for arch dissections have 
evolved, so have perfusions techniques. Although pro- 
foundly hypothermic circulatory arrest conditions still 
are required for reconstruction of the aortic arch, a 
small percentage of patients develop profound neurologi- 
cal compromise. In attempts to further reduce this 
small incidence of central nervous system (CNS) defi- 
cits, we have for several years incorporated the use of 
retrograde cerebral perfusion (RCP) for our repairs of 
the aortic arch. With minimal alterations to our routine 
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cardiopulmonary bypass (CPB) circuits, we are able to 
vary the flow patterns to the patient during the differ- 
ent phases of the operation, minimizing the CNS isch- 
emic intervaI.6,8 
The accompanying figures will provide the reader 
59 
with a brief background description of the problem of 
arch dissection, the development of the currently used 
techniques in our institution, and a detailed explana- 
tion of the more commonly used repairs at the Mount 
Sinai Hospital, New York, NY. 
SURGICAL TECHNIQUE 
DeBakey type 1 
Intramural tear 
I 
A 
'amural tear 
1 The descriptive classifications of aortic dissections (DeBakey, Stanford) have overlapping 
features but neither distinguishes an isolated arch dissection. As may be seen, aortic arch 
involvement may be present regardless of whether the tear arises in the arch proper (B), the 
ascending aorta (A), o r  in the descending aorta (C). 
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[Reti rogra 
itramural tear 
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1 (continued) This latter example (C) is frequently, and 
erroneously, referred to as a “retrograde Type B” dissection, 
when, in fact, it is by definition a Type A dissection due to the 
ascending aorta’s involvement. 
Multiple tears may in fact, be present resulting in numerous 
entry and re-entry points, thereby complicating the planned 
repair by requiring a larger than planned resection. The 
frequent occurrence of these additional tears have caused us to 
liberalize the use of DHCA and the open repair technique at 
the aortic arch to visualize and resect, if present, undetected 
defects within the arch. 
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Arch “cap” 
Complete 
1 
arch 
i 
Reinforcing 
teflon strip 
2 A and B show the technique previously used to reconstruct the entire aortic arch. If extensive 
tearing was present that precluded successful partial arch repair, a cap of native aorta was excised 
and dissected free from surrounding tissues. Not infrequently, reconstruction of the arch cap itself 
was required to re-approximate the intimal and media layers involved with dissection. This 
reconstruction (A) was performed while on DHCA using a continuously running 4-0 or 5-0 
polypropylene suture. Because of the friability of the tissue, teflon (Meadox Medicals, Oakland, 
NJ) felt reinforcement was sometime necessary for this repair. 
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Complete arch repair 
2 (continued) The distal aortic anastomosis was performed next (B), taking extreme care 
to “sandwich” the dissected aortic segment between the graft and an external strip of Teflon 
felt, sutured with 3-0 or 4-0 polypropylene suture. The proximal anastomosis was next 
completed and a hole was then created in the superior most portion of the graft, 
corresponding to the placement of the arch cap. The cap was then fiied to the graft with 
running 3-0 suture, again “sandwiching” the native aortic cap between the graft and a strip 
of teflon felt. Finally, after appropriate de-airing, reperfusion with rewarming was begun. 
Because of the prolonged intervals of DHCA associated with this technique, it has largely 
been supplanted with the “hemi-arch” and “Y-arch” techniques described later. This 
technique, may, however, still prove useful in selected patients for whom the other methods 
are not suitable. 
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3 Extensive monitoring of the patient being prepared for arch dissection surgery is mandatory. 
All patients are cannulated with arterial, pulmonary artery, and jugular venous sampling lines, the 
latter of which allows us to follow jugular bulb cerebral mixed venous saturations (JSATs). 
Laboratory data has shown that this determinant provides a close correlation to cerebral metabolic 
a~ t iv i ty ,~  and we cool both systemically and topically (by packing the head in ice) until JSATs are 
more than 95% prior to initiation of DHCA.8 
Two separate temperature probes, one in the esophagus and the other in the bladder are used to 
monitor cooling and rewarming. Core temperatures (as reflected by the bladder temperature probe) 
are used to regulate rate of rewarming by allowing no more that 10" C gradient between blood and 
core temperatures. 
Transesophageal echocardiography (TEE) has become a vital tool during aortic dissection repair. 
In the hands of our skilled cardiac anesthesiologists, TEE confirms the preoperative diagnosis 
(although whenever possible we perform preoperative TEE to generate the diagnosis), frequently 
can determine the site(s) of intimal tear, allows determination of flow present in the false lumen, and 
shows the presence of fluid within the pericardium. Extent of dissection along the aorta, 
development of impending tamponade, presence of aortic regurgitation, and compromise of 
ventricular function (wall motion abnormalities) can also be determined by TEE. One additional 
function of TEE monitoring allows us to determine if malperfusion of a false lumen is occurring 
when CpB is initiated and permits timely correction of the perfusion abnormality prior to 
development of s w i c a n t  hemodynamic or neurological compromise. 
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4 Aortic arch reconstruction during acute dissection repair is now overwhelmingly 
performed with the hemi-arch repai~-.’*~.~.~ In this procedure, the patient is placed on 
CPB using femoral arterial (FA) cannulation, the heart is arrested, and a cross clamp 
is gingerly placed on the distal ascending aorta. Any involved ascending aorta repair, 
whether with simple tube graft reconstruction, aortic valve resuspension, or full root 
replacement, is performed first, while allowing the patient to cool to appropriate 
levels. During this time, the head is packed in ice (topical cooling), (2g methylpredni- 
sone sodium succinate); is added to the CPB circuit, and JSATs are measured at 5 
minute intervals until consistently more than 95%. The patient is placed in steep 
Trendelenberg position, the CPB is temporarily interrupted, and the patient 
exsanguinated into the pump. The cross clamp is removed and the dissected ascending 
aorta resected, taking care to include the entire cross-clamp site. The arch is 
inspected from within and any intimal tears resected at this time. The ascending graft 
is stretched, measured, and fashioned into an appropriate shape to reconstruct the 
under surface of the aortic arch, which rarely extends distal to the ligamentum 
arteriosum. Generous mobilization of the remaining arch is made, taking care to 
preserve both the left recurrent laryngeal and phrenic nerves. Reconstruction is 
undertaken with 3-0 polypropylene suture, carefully “sandwiching” the native aorta 
between the graft and a strip of teflon felt (if the native vessel is very friable from the 
dissection process, the layers may be tacked together as described previously to 
facilitate the arch reconstruction). 
Prior to completion of the anastomosis, CPB can be reinstituted in progressively 
increasing flows to flush the graft and arch vessels of air. The anastomosis is 
completed, core warming resumed and the operation completed as normal. More 
recently, we have taken to moving the arterial cannula into the graft prior to 
reinstitution of CPB to assure perfusion of the true lumen of the aorta. The 
cannulation site is repaired with a pledgetted suture on termination of CPB. The 
completed repair is seen in this figure. 
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5 Continued interest in methods to decrease the incidence of neurological events associated with 
the use of circulatory arrest lead to the perfusion techniques now used in our institution, illustrated 
in the following diagrams. (A) shows the initial perfusion circuit design, with a venous cannula in the 
right atrium (RA), the arterial return in the FA, and a second venous cannula into the RA, herein 
shown as via the femoral vein(FV). The second venous line is “Y-d” onto the arterial limb for RCP. 
A second limb is “Y-d” off the arterial line as well, to be used for antegrade arterial return later. 
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B OxygenatorlHeat exchanger 
5 (continued) During DHCA, RCP is started via the FV cannula while reconstructing the arch 
with 18 to 20 mm Hemashield graft (Meadox Medicals) (B). The RA and FA cannulae are occluded 
with clamps and an inferior vena cava (IVC) snare is tightened about the FV cannula. Flows are 
adjusted to maintain cerebral perfusion pressures of less than 25 mm Hg (monitored off JSAT 
cannula) and venous effluent is returned via cardiotomy suckers. 
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C OxygenatodHeat exchanger 
5 (continued) When arch reconstruction is complete (C), an arterial perfusion cannula is inserted 
into the arch graft, the distal graft clamped and antegrade flow started from one of the arterial limbs 
of the CPB circuit. The RA venous line is opened and the FA line remains clamped. Cerebral 
perfusion is maintained at pressures of 50 to 60 mm Hg at  20°C. The distal aortic anastomosis is then 
performed as described previously. 
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D Oxygenator/Heat Exchanger 
5 (continued) The descending aortic graft is cannulated with another arterial cannula, attached 
to the remaining “Y” limb of the arterial side of the CPB circuit, flows slowly begun, and the 
proximal graft is clamped. Full flow to both the body and head with re-warming may now begin, 
while the proximal aortic reconstructions are completed (D). Both FA and FV lines remain clamped 
for the remainder of the procedure, until decannulation and closure of the arteriotomylvenotomy 
sites. 
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A 
6 The technique of “Y-arch” reconstruction, our current favored method of total arch 
repair, is shown in the following diagrams. In A, the arch cap, dissected from the native 
arch, is generously mobilized from the surrounding tissues. A piece of Hemashield graft, 
18 to 20 111111, is fashioned to an appropriated shape and sutured to the arch cap with 
continuously running 3-0 polypropylene suture, reinforcing the outside of the native 
vessel with teflon felt. An arterial inflow cannula is inserted, the distal end of the graft 
clamped and flow initiated. Initially, return flow is kept at 20°C and adjusted to 50 to 60 
mm Hg. 
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B 
6 (continued) Attention is next turned to the remaining native aorta (B). The distal stump 
is reinforced with a strip of teflon felt to prevent damage to already friable tissue. A second 
piece of Hemashield graft is selected and the distal anastomosis is performed with 
continuously running 3-0 polypropylene suture, sandwiching the native friable aorta 
between the graft and another strip of teflon felt (C). Graft size is dependent on the size and 
quality of the descending aorta and may range from 20 to 30 mm. Care should be exercised 
not to oversize the graft to prevent further destruction of already damaged aortic tissue. 
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C 
6 (continued) The proximal anastomosis is then constructed, again reinforcing the native aorta 
externally with teflon felt (C). Not shown in this figure, but described earlier (5D), is the perfusion of 
the body with a second arterial cannula inserted into the descending aortic graft. This perfusion 
helps to reduce the ischemic interval of the lower body and permits rewarming during the proximal 
aortic reconstructions. 
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6 (continued) The arch reconstruction is completed by an end-to-side graft-to-graft anastomosis 
of the arch and ascending aortic grafts. This may be accomplished with the application of a small 
side-biting clamp to the ascending aortic graft, but experience has shown that a second brief (5 to 10 
minutes) interval of HCA yields a smoother, more anatomic repair with less difficulty in suturing. 
The arch graft cannulation site is excised at the same time (D) and the operation completed as 
routine. 
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E 
Cannulation 
site repaired 
6 (continued) (E) The completed repair. 
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7 The “Y-arch” reconstruction can also be used to repair the aortic arch approached from the 
left chest as well. This repair is particularly useful for repairs of residuals from Type A dissections 
treated at an earlier date or if unanticipated extension into the arch is discovered during emergency 
repair of descending dissection. This technique is shown in A and B. 
CPB is initiated by femoral-femoral cannulation and the aorta mobilized. After establishment of 
DHCA, with or without RCP, the aorta is transected and the arch cap developed as before (A). 
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B 
7 (continued) An 18 to 20 mm Hemashield graft is 
fashioned and sutured to the cap with 3-0 Prolene 
(Ethicon, Inc, Somerville, NJ) An arterial inflow cannula 
is inserted and after flushing the arch, the distal graft is 
occluded and perfusion to the head reinstituted. With 
cerebral circulation restored, ascending to descending 
aortic continuity may be developed with an appropri- 
ately sized graft. The proximal ascending aorta may be 
reached via the left chest with a moderate degree of effort 
although the aortic valve or coronary ostia cannot be 
treated from this approach. The distal descending anas- 
tomosis is performed last, after measuring and transect- 
ing the graft to an appropriate length. Efforts are made 
to close off the false lumen by sandwiching the native 
aorta between the graft and a strip of externally applied 
teflon felt. An end to side anastomosis of the arch graft to 
descending aorta is performed as described earlier; the 
final repair is shown in B. 
C oiiiiiieii ts 
Continuetl advancements in the field of  aortic. surgerj 
have made possible the high likelihootl of survi\ a1 from 
acute aortic dissection, even those involving the aortic 
arrh.  Although the data suggest that arch involvement, 
espwially if arch replacement is required, portends a 
poorer prognosis, ’ rapid appropriate snrgery for these 
patients offers a reasonahle chance of survival. 
There are multiple tenants that must he adhered to 
closely to offer good expectations of survival, many of 
which have heen discussed in this manuscript. It is 
axiomatic in our institution that profoundly cold (11 to 
1 5 O C )  DHCA offers that best protection from neurologi- 
cal insult. This is especially true if prolonged periods of 
DHCA are experienced during the procedure. As is 
often the case in these urgent procedures, the full extent 
of aortic damage cannot be fully assessed until the arch 
is completely inspected from within and only then can 
the appropriate procedure he initiated. If adequate 
measures to protect the central nervous system have not 
been instituted prior circulatory arrest, the outcome of 
the operation might be less than optimal. For this 
reason, we routinely employ profoundly cold tempera- 
tures whenever arch surgery or inspection is envi- 
sioned, accepting the longer rewarming periods re- 
cpired. 
Although most of our arch dissections can be re- 
paired using the “hemi-arch” technique, liberal use of 
full arch reconstruction is made, not only for survival 
from the initial injury, but also to allow a lesser (no 
DHCA) later operation, should such an event occur. All 
of our dissection patients are followed for life with 
serial, annual computed tomography scans to monitor 
the status of the remaining native vessel. Over the 
course of years, if the patients are not rigorously 
maintained on “anti-dissection” medications, further 
dilatation of the distal vessel may occur, necessitating 
additional surgery. If a second DHCA interval might be 
avoided by prior planning at the first procedure, the 
probability of serious neurological injury might be 
accordingly lessened. In  each patient, however, the 
risks of the more involved procedure (total arch recon- 
struction) must be weighed against the potential ben- 
efits, ie, surgery should be individualized to the patient. 
It is our practice to use teflon felt reinforcing for all 
anastomoses involving native tissue. Although we recog- 
nize that this is not universally accepted. our experi- 
ence with the fragile tissues of tlissectrtl aortas have 
repeatedly shown that this tecahnicpie offers  is thr best 
chance at a strong, leak-free anastomosis. The extra few 
minutes recpiretl to incorporate the felt into the suture 
line is more than I-el)aitl i n  the results seen at cwmpletion 
of the repair. This technique, conpled with the use of 
Hemashield graft, have greatly lessened the need for 
transfusions and, in some instances, permitted the 
complete repair without the need for any transfusions. 
Continued research into the physiology of profound 
hypothermia offers the best hope of improvement in the 
ongoing problem of neurological complications associ- 
ated with these repairs. Using techniques outlined in 
this manuscript, as well as newer methods to be devel- 
oped through laboratory research and clinical trials, we 
expect to make further improvements in the survival of 
patients afflicted with aortic arch dissections. 
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